Effect of pH on visualization of fatty acids as myelin figures in mouse adipose tissue by freeze-fracture electron microscopy.
We studied the effect of pH on visualization of fatty acids as myelin figures in young mouse epididymal adipose tissue. Fatty acid content of the tissue was increased to 12.4 nmol/mg wet weight by treating the tissue with 380 microM isoproterenol at pH 7.4 for 15 min in the absence of glucose and albumin. Myelin figures were found in freeze-fracture replicas of isoproterenol-treated tissue fixed with glutaraldehyde at pH 7.4 and then incubated and glycerinated at pH 8.1. Myelin figures were seen in replicas as concave or convex laminated sheets and long cylindrical multilamellar structures in fat cells and extracellular space. Myelin figures were sometimes seen in cells extending from the surface of intracellular lipid droplets, the site of lipolysis, to the cell surface and extracellular space. Myelin figures were not found in isoproterenol-treated tissue fixed at pH 7.4 and processed at pH 7.0. Smooth-surfaced droplets, instead, were found in these tissues in the extracellular space. Neither myelin figures nor smooth-surfaced droplets were found in tissues treated with insulin and glucose (to reduce fatty acid content to 1.4 nmol/mg), fixed at pH 7.4 and processed at either pH 8.1 or pH 7.0. Lowering pH of the media to 4.5 during processing of tissues treated with isoproterenol at pH 9.0 caused disappearance of myelin figures and appearance of smooth-surfaced droplets in the extracellular space. Myelin figures were found in replicas of tissue treated with isoproterenol for 15 min at pH 7.4, incubated 10 min at pH 8.4, quick-frozen and then freeze-fractured, indicating that formation of myelin figures was not dependent on glutaraldehyde fixation and glycerol infiltration of the tissue. Our findings show that excess fatty acids in adipose tissue can be visualized as myelin figures if the tissue is exposed to pH 8.1-9.0 and maintained at or above pH 7.4, or as smooth-surfaced droplets if the tissue is processed at pH 7.0 or 4.5. We conclude that myelin figures formed under these conditions are composed primarily of partially ionized fatty acids (acid-soaps), and that the smooth-surfaced droplets in the extracellular space are composed of un-ionized (protonated) fatty acids.